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Effects of cardiothoracic
physiotherapyon
intrapulmonary shunt in
abdominalsurgicaI patients
This study investigated the provIsion of
additional eveningphysiotherapyon ·pulmonary
complications and intrapulmonary shunt (Os/Ot)
after abdominal surgery. Thirty--one elderly
patients received eitherdayl i9htonIy ordayl ight
plus evening physiotherapy for up to 48 hours.
Physiotherapy included combinations of
positioning,gravity assisteddrainage, breathing
exercises, manual techniques, coughing and
airway suctioning. Measurements inc.luded
0s/Qt and post-operative pu Imonary
complications. While no significant difference
in atelectasis was found, the post-operative
Q/Qt data averaged into six-hour time frames
demonstrated significantly lower mean Us/Ot
for the daylight plus eveninglJhysiotherapy
group between 18 and 24 hours post-surgery.
Additional evening physiotherapy may reduce
post-operative deterioration in gas exchange
after major abdominal surgery.
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he major pulmonary
complications after surgery and
trauma include atelectasis and
hypoxaemia. The prevalence .of
pulmonary complications following
major surgery ranges from 25 per cent
to more than 90 per cent with
increased rates following upper
abdominal surgery (Castillo and Haas
1985). The rates reported depend in
part on the specific criteria used to
define complications and on the
sophistication of the diagnostic
techniques to document them (Beydon
et aI1992).
Treatment to prevent.or modify
pulmonary complications is a major
focus of care by physiotherapists for
the peri-operative patient. There is
evidence that regular cardiothoracic
physiotherapy·significantly decreases
the incidence of pulmonary
complications.after major abdominal
surgery, although there is no indication
ofwhich treatment technique or
regimen is superior (Castillo and Haas
1985, Stiller and Munday 1992).
Ntoumenopoulosand Greenwood
(1991) reported that in Australia, 19 of
the 42 hospitals surveyed provided
some form of 24-hour cardiothoracic
physiotherapy service delivery, whereas
the other hospitals provided daylight
only services (eg 8 am-5 pm). The
observation ofvariations in the hours
of provision ofcardiothoracic
physiotherapy services provided an
oppornmity to study groups of patients
who received the standard treatment
coverage (daylight hours only) and a
group who received extended coverage
(daylight plus evening).
Intensive care units (ICUs) that
undertake invasive peri-operative
evaluation and preparation of"at risk"
surgical patients (eg Older and Smith
1988) have reported reduced morbidity
and mortality (Shoemakeret al 1988).
Although this form of peri.,.operative
invasive management is not widely
practised, it provides an oppornmity to
investigate the effect of cardiothoracic
physiotherapy intervention on
outcome measures such as intra.,.
pulmonary shunt (Qs/Q t Intra-
pulmonary shunt was selected as the
major outcome variable, as it is a major
determinant of arterialhypoxaemia
(Giovanniniet a11983) and provides a
more accurate index of
cardiopulmonary function than arterial
oxygenation alone.
The aim of this study was to
determine whether the provision of
additional after hours cardiothoracic
physiotherapy to the abdominal
surgical patient in the TeU improved
outcome as gauged by changes in
Qs/Ql.andthe incidence of pulmonary
complications as assessed
radiologically.
Method
Subiects
Arotal of31 consecutive elderly
abdominal surgical patients considered
-
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to be at risk on the basis of increased
American Association of
Anesthesiologists (ASA) scale and age
(Hall and Hall 1996) were studied,
with patients alternately allocated to
the daylight physiotherapy group
(n = 15) and to the daylight plus
evening physiotherapy group (n = 16).
The patients studied were similar to
the "at risk" group described and
investigated by Older and Smith
(1988). Baseline data demonstrated
that the two physiotherapy groups did
not differ significantly on a number of
variables relevant to cardiopulmonary
function (Table 1). The surgical
procedures included repair of
abdominal aortic aneurysms, colorectal
surgery and other major vascular
abdominal surgery, with no significant
differences between the physiotherapy
groups (Table 2).
Measures
In this study, Qs/Qt was the main
outcome measure. The incidence of
pulmonary complications, assessed by
-chest radiograph, and the requirement
for continuing mechanical ventilatory
support, were also assessed. Shunt
was measured immediately before and
after cardiothoracic physiotherapy
treatment (short-term effects) and also
at regular intervals throughout the
patient's post-operative stay in the
leu to determine whether the long-
term effects were related to the short-
term effects.
A pulmonary arterial and intra-
arterial catheter were inserted by
medical staff 24h prior to the planned
abdominal surgery, together with
continuous electrocardiograph (ECG)
monitoring. Baseline arterial and
mixed venous blood were direcdy
sampled by nursing staff and analysed
by a blood gas analyser
(Instrumentation Laboratories 1312) to
enable the calculation of arterial
(PaOz) and mixed venous (PvOz)
partial pressure of oxygen, arterial
(5aOz) and mixed venous (Sv02)
saturation, and Qs/Qt using a modified
version of the Bergrrens equation
(Older and Smith 1988).
Qs/Qt was calculated according to the
following equation:
Q /Q = (CcOz - CaOz)
s t (Cc02 - CvOz)
where Cc02 equals the oxygen
content in end capillary blood; Ca02
equals the oxygen content of systemic
arterial blood; and evo equals the
oxygen content of mixeSvenous blood.
The direct measurement of CcO is
impossible, therefore the Ideal AIveolar
Equation is used as it is assumed that
the end capillary P02 is equal to the
Ideal Alveolar Oxygen. The CaOzand
Cv02 are calculated from the
measurement of arterial and mixed
venous saturation respectively (Older
and Smith 1988). Shunt values are
normally below 5 per cent (Older and
Smith 1988).
The samples of arterial and mixed
venous blood required for the
calculation of Qs/Qt were always taken
after the patient had been sitting
upright for at least 20 minutes. Pre-
operative cardiac output, using the
thermodilution method, was also
determined by nursing staff (Older and
Smith 1988). A portable erect
anteroposterior chest radiograph was
obtained 1-2h following the insertion
of the pulmonary artery catheter. Prior
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to surgery, the physiotherapist
clinically evaluated the patient's
respiratory system including the
pattern of breathing, lung auscultation
and cough adequacy and instructed the
patient in the peri-operative
physiotherapy regimens including
hourly deep breathing, coughing and
lower limb circulation exercises.
Cardiopulmonaryfunction
measurements, including Q/Q} and
oxygenation (arterial and mixed
venous) were determined and obtained
by nursing staff as previously
described, at least Ih before and
immediately prior to physiotherapy
and then at 20min and approximately
2h following each physiotherapy
treatment (short-term outcome). In
addition to the measurement of Qs/Qt
immediately before and after each
session of physiotherapy,
measurements were obtained at least
every 4-6h whilst in the leu (normally
48h) to evaluate long-term outcome.
A further portable anteroposterior
chest radiograph (upright) was taken
within 2 hours of the patient's return
to the ICU from surgery to determine
the post-operative pulmonary
complications that may have developed
immediately after surgery prior to the
commencement of physiotherapy. The
chest radiographs were also repeated at
approximately 0600h each morning.
One of three radiologists blind to the
physiotherapy group allocation
evaluated the radiographs regarding
the film quality and the presence and
severity ofcardiopulmonary pathology.
If the patients returned to the leu
intubated and mechanically ventilated,
then the time on mechanical
ventilatory support was recorded. It is
acknowledged ·that radiographic and
auscultatory findings may have limited
reliability (Allingameet al 1995,
Beydon et aI1992). However, these
variables were included as they remain
a routine part of clinical decision
making by the physiotherapist in the
majority of settings.
All tabular nominal data were
analysed using Chi-square or Fisher's
exact text (when appropriate). All two
group comparisons with interval or
ratio data were made with independent
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t tests. Intrapulmonary shunt data were
analysed with two factor split plot
factorial ANOVA comparing the two
groups over time with post hoc testing
via simple main effects. For all
analyses, p < 0.05 was considered
significant.
Cardiothoracic physiotherapy
treatment protocols
Physiotherapy treatment after surgery
incorpor~teda combination of
techniques dependent on the
evaluation findings, including deep
breathing exercises (diaphragmatic),
positioning, gravity assisted drainage
with or without manual techniques
(chest wall percussion and/or chest
wall vibrations), coughing, airway
suctioning and/or mobilisation of the
patient out of bed.
With the presence ofacute lung
atelectasis/consolidation on the chest
radiographandlor added lung sounds
on auscultation such as bronchial
breathing/crackles, physiotherapy
treatment included gravity assisted
drainage, deep breathing exercises,
manual techniques, coughing and/or
airway suctioning. With the absence of
major clinical signs as previously
described, treatment included deep
breathing exercises and coughing
combined with positioning.such as
sitting upright, sitting out of bed or
side-lying.
~ Once the patient was stabilised after
surgery (body temperature> 36
degreesC, ·heart rate >60 ·bpm and
< 130 bpm without any compromising
arrhythmia, mean arterial blood
pressure> 70 mmHg < 120 mmHg,
mean pulmonary arterial pressure
< 30mmHg, pulmonary capillary
wedge pressure < 17 mmHg, calculated
SaOz > 90 per cent and calculated
SvOz > 60 per cent (from sampled
arterial and mixed venous bloods,
respectively), cardiothoracic
physiotherapy was commenced.
Cardiothoracic physiotherapy
treatments were applied by the same
physiotherapist (GN) to reduce the
variability in the method of assessment
and treatment application. The
physiotherapist was blind to the
measures of oxygenation and Qs/Qt
throughout the study, so these results
were not considered in the treatment
decision making process.
Daylightcardiothoracic
physiotherapy involved the provision
of two sessions of physiotherapy
between 0830h and 1700h, once in the
morning.andonce in the afternoon.
Such procedures are considered
standard practice in many Australian
hospitals (Ntoumenopoulos and
Greenwood 1991). Daylight plus
evening physiotherapy also
incorporated two sessions oftherapy
between 0830h and 1700h and at least
one further session oftherapy between
1700h and 21 OOh. These routines were
continued for up to 48h after surgery.
In between these physiotherapy
treatments, nursing staff would
encourage deep breathing and
coughing hourly, perform airway
suctioningand position patients from
side to side two-hourly as required.
All patients in this study were those
who would normally have been
admitted to the leu pre-operatively as
a matter of policy of the Division of
Anaesthesia and Intensive Care of
Western Hospital in Melbourn. The
peri-operative ICU procedures were
explained to the patients by the
medical staff and· patient consent for
the procedures was obtained. The
director of the ICUdeemed that as
this study involved standard
cardiothoracic physiotherapy
treatment as already provided in this
lCU, patient consent for the additional
evening physiotherapy was not
required. Ethical approval for the
conduct of the .study was obtained
from the Western Hospital Ethics
Board.
Results
Clinical management and
assessment finaings
All patients were transferred directly
from theatre to the ICU. Some
patients were· left intubated and others
were extubated in theatre.
Approximately 50 per cent of the
patients returned to the leu
Figure 1.
Mean (Sf) six-hourly QJ~ peri ..operative data for daylight and daylight plus evening
physiotherapy groups from the pre..operative baseline (pre) to up to 5411 after surgery.
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intubated, with no significant
differences between the physiotherapy
groups. During the majority of
physiotherapy treatments (83 per cent),
patients were non-intubated. Patients
were receiving some form of inotropic
support, including dopamine,
dobutamine and/or glyceryl trinitrate
(GTN) during 79 per cent of
physiotherapy treatments. The method
of analgaesic management included the
administration of narcotics via the
intravenous route (22 per cent),
epidural route (52 per cent), or
combination of both (26 per cent),
with no significant differences between
the two physiotherapy groups.
Decreased and adventitious lung
sounds were often auscultated by the
physiotherapist before treatment.
Diminished breath sounds, crackles
and bronchial breathing were noted
prior to 97 per cent, 59 per cent and 21
percent of treatment sessions
respectively. There were no major
differences between the two
physiotherapy groups on any of these
findings.
Specific physiotherapy
treatment procedures used
Physiotherapy techniques
predominantly included positioning
(gravity assisted drainage, side-lying
and sitting out of bed), deep breathing
exercises (Stiller and Munday 1992),
coughing and airway suctioning
(endotracheal or nasopharyngeal).
Details of the techniques used are
provided in Table 3. No significant
differences were found between the
physiotherapy groups on any of these
treatment variables. Mean (SD)
duration of physiotherapy assessment
and treatment was 41 (10) minutes
with no differences between the
physiotherapy groups.
The daylight plus evening
physiotherapy group did, of course,
receive significantly more
physiotherapy treatments than the
daylight physiotherapy group (5.3 [0.7]
vs 3.1 [0.9] treatments respectively).
Treatment also commenced
significantly sooner after surgery in the
daylight plus evening physiotherapy
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group (3.4 [1.4] hours) compared with
the daylight physiotherapy group (8.4
18.6] hours). This resulted because
physiotherapy treatment co~enced
for all, the patients in the daylight plus
evening physiotherapy group on the
evening ofsurgery, whereas some
patients (n =5) in the daylight
physiotherapy group, due to the timing
of their return from surgery (late
afternoon or evening), did not receive
physiotherapy treatment until the first
post-operative day
Post-oJ?er~tive pulmonary
complications
Acute atelectasis, verified
radiologically, developed in 16/31
patients (51 per cent) with no
significant differences between the two
physiotherapy groups. Patients from
the daylight physiotherapy group who
returned to the leu intubated and
mechanically ventilated, remained
intubated for (mean [SD])
18.10 [12.90] hours, compared with
only 9.40 [17.90] hours for the daylight
plus evening physiotherapy group, but
the difference was not significant
(t(13) = 1.10, P=0.29).
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Investigation of short-term
effects of cardiothoracic
physiotherapy
A total of 132 treatments were applied
to the 31 patients after surgery, with 85
treatments applied to the daylight plus
evening physiotherapy group and 47
treatments applied to the daylight
physiotherapy group. There were no
significant changes in Q IQ
immediately after physi~thetrapy.The
mean (SD) pre-treatment Q /Qr was
17.3 (7.4) per cent which did not differ
significantly from the post-treatment
value of 16.9 (6.8) per cent.
long-term changes in Qs/Qt
Mean (SE) Q/Qr values during the 6h
time periods tollowing surgery are
presented in Figure 1 for both groups.
The groups had similar pre-operative
Qs/Qt values of approximately 10 per
cent. In the first six hours after
surgery, Qs/Qt was increased to around
15 per cent for both groups, again
without major differences between the
two groups. After this time, the values
for the daylight group exceeded those
seen in the daylight plus evening
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group. The values beyond 42h should
be viewed with some caution, as a large
number of patients had left the ICU by
this stage and these values were
obtained from more seriously ill
patients.
To analyse the averaged Qs/Qt data
by two factor ANOVA, comparing the
two treatment groups (daylight versus
daylight plus evening) over the nine 6h
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time periods, complete data sets for
each subject over the repeated measure
are required. The most complete data
sets for this analysis were available only
up to 36h after surgery, with 16/16
patients from the daylight plus evening
physiotherapy group and 13/15
patients from the daylight
physiotherapy group included. At 42h,
only 12 daylight and 15 daylight plus
evening patients remained. At 48h the
numbers remaining in the ICU were
nine and 15 respectively and at 54h
only five remained in each group.
The two factor ANOVA comparing
the average Qs/Qt data in six hour time
frames across the 36h post-operative
period resulted in a significant main
effect for time (F(6 162) = 19 ~ 15,
P < 0.001) and a si'gmficant group by
time interaction (F(6 162) = 2.33,
P< 0.05). Post hoc tests, using simple
main effects, found no differences in
Qs/Qt before surgery and for each 6h
time period up to 18 hours after
surgery in both physiotherapy groups
(Table 4). However, between 18 and
24 hours after surgery, significantly
lower Qs/Qt was displayed in the
daylight plus evening physiotherapy
group compared with the daylight
physiotherapy group (Table 4). Beyond
this time frame, differences of
important clinical magnitude were
found but they failed to reach
statistical significance.
Discussion
This study provides some evidence that
the provision of additional evening
cardiothoracic physiotherapy as
described in this study may assist in
lowering Qs/Qt in the elderly
abdominal surgical patient. The
physiotherapy groups did not differ
significantly on relevant measures of
cardiopulmonary function prior to or
immediately after surgery, which
provides some support for the
inference that the additional
cardiothoracic physiotherapy was
responsible for the differences in
Qs/Qt observed~ However, the study
has several limitations, including the
small numbers of patients investigated
(which may have reduced power) and
the use of multiple physiotherapy
techniques. In addition, the daylight
plus evening physiotherapy group
contained a slightly greater proportion
(not statistically significant) oflower
abdominal surgery patients in which
has been previously reported to be
associated with a lower incidence of
post-operative pulmonary
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complications (Castillo and Haas
1985).
The statistically significant
differences in Qs/Qt observed emerged
between 18 and 24 hours post-surgery,
and, while significant only during that
time period, appeared to persist for the
remainder of the 48hobservation
period. Whether the magnitude of the
differences in Qs/Qt between the two
physiotherapy groups affected
mortality and morbidity (eg length of
stay), should be further investigated
with greater patient numbers
(Shoemaker et aI1988).
The additional physiotherapy failed
to lower the incidence of acute
atelectasis. However, considering the
poor sensitivity of the portable chest
radiograph in detecting atelectasis
(Beydon etal 1992), a limited emphasis
should be placed on these findings. A
trend in the data indicated a reduced
requirement for mechanical ventilatory
supportin the daylight plus evening
physiotherapy group. This may have
been due to the earlier start of
cardiothoracic .physiotherapy
treatment after surgery and the
increased frequency ofcardiothoracic
physiotherapy treatment over the early
post-operative period.
It is not clear from this study exactly
what aspect of the additional
cardiothoracicphysiotherapy received
by the daylight plus evening group may
have been responsible for the improved
Qs/Qt. It could be associated with the
increased number of physiotherapy
sessions received by this group.
Alternatively, it could be a function of
the extension of treatment into the
evening hours rather than being
associated solely with increased
treatment sessions. A final potential
explanation is that the improved
outcome in the group was due to less
time elapsing between surgery and the
first treatment session. A different
study would be required to separate
these alternative explanations.
Improvement in Qs/Qt after similar
cardiothoracic physiotherapy regimens
as used in the present study has been
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demonstrated by Mackenzie and Shin
(1985) in young multi-trauma patients.
In addition, increased clearance of
airway secretions (Hammon 1983),
improved totallung/thorax .compliance
Gones et a11992, Mackenzie and Shin
1985) and arterial oxygenation (Stiller
et al 1990) after physiotherapy has also
been demonstrated in a variety of
trauma, surgical and medical patients.
However, some studies have also
reported adverse short-term effects
associated with cardiothoracic
physiotherapy, including increased or
decreased cardiac output (Laws and
McIntyre 1969),· reductions in arterial
oxygenation (Conners et al 1980, Tyler
etal 1980) and mixed venous
oxygenation (Barrell and Abbas 1978).
Possible causes of these adverse
responses include ventilation and
perfusion mismatching with change of
position, in addition to arterial and
mixed venous desaturation with the
increased metabolic demands of the
physiotherapy procedures (Aitkenhead
eta11984, Glauseret a11988, Klein et
al 1988, Weissmannet aI1984).
Pharmacologic therapy may be used to
alleviate some of the increased
metabolic and haemodynamic demands
ofcardiothoracic physiotherapy
treatment (Kleinet al 1988). The
present study overall did not find any
adverse short-term changes in
cardiopulmonary function as assessed
by.Qs/Qt• Even if these occurred, it
seems that over the long term, the
cardiothoracic physiotherapy
techniques applied in this study had no
detrimental effects on the patients
studied.
Conclusion
This study provides some evidence
suggesting that additional evening
cardiothoracic physiotherapy after
major abdominal surgery may lower
the post-operative deterioration in
gaseous exchange as.indicated by
Qs/Qt in elderly at risk patients.
However, it is unclear which
teclmiques of physiotherapy, if any,
were beneficial. Further investigation
with larger patient numbers is
warranted.
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